MULTI-POLE HIGH SPEED GENERATOR WITH A MODULAR 
RECTIFIER CIRCUIT 



5 BACKGROUND OF THE INVENTION 

The present invention relates to a multi-pole high speed generator, and, 
more particularly, to a rectifier module assembly that mounts within a multi-pole 
high speed generator. The rectifier module has a circuit with improved reliability 
that rectifies a multi-phase AC signal generated in the exciter armature windings 

10 of the multi-pole high speed generator, and provides the rectified DC signal to the 

field winding of the generator. 

Generators that are installed in aircraft typically rotate at relatively high 
speeds (e.g., 24,000 r.p.m. or greater), and are also typically of the so-called 
"brushless" generator design. Generally, brushless generators include three 

15 distinct generating systems, a permanent magnet generator (PMG), an exciter, and 

a main generator. The PMG may include a plurality of permanent magnets that 
rotate with the generator rotor, and which induce a current into a set of windings. 
This current is typically fed to a regulator or a control device, which in turn 
outputs a DC signal. 

20 The exciter may include a plurality of stationary field windings, which are 

electrically coupled to receive the DC signal output from the regulator or control 
device, and thus develop a magnetic field. The exciter may also include armature 
windings mounted on the generator rotor, which rotate within this magnetic field. 
Thus, during rotation an AC current is induced in the exciter armature windings. 

25 Typically, the exciter armature windings are wound such that the induced AC 

current signal is a three-phase AC current signal. Rectifier circuits that rotate with 
the exciter armature windings rectify the three-phase AC current signal induced in 
the exciter armature windings. The DC current output from the rectifiers is 
provided to the main generator. 



The main generator includes rotating field windings and stationary 
armature windings. The rotating field windings are electrically coupled to receive 
the DC current from the rectifiers and develop a magnetic field that rotates with 
the rotor. This rotating magnetic field induces a three-phase AC current in the 
5 stationary armature windings. This three-phase AC current is then provided to a 

load. 

As noted above, the generators installed in aircraft typically rotate at 
relatively high speed. Thus, the rectifiers that rotate with the exciter armature, 
colloquially referred to as "rotating rectifiers," are subjected to relatively high 

10 centrifugal loads. One conventional rotating rectifier assembly is arranged 

radially along a surface or a base within the generator, and thus experiences 
varying centrifugal loads across its components. Alternatively, another known 
rotating rectifier assembly is permanently mounted within a rotating housing and 
thus does not allow easy maintenance and/or replacement. 

15 In addition to the above-noted structural weaknesses, conventional three- 

phase rotating rectifier circuits include only a single resistor to provide protection 
for the rectifier diodes. This single resistor is generally a wire-wound resistor, 
which is itself subject to failure modes resulting from the centrifugal loads it 
experiences during rotation. Moreover, the electrical failure of this single resistor 

20 results in the rectifier circuit being unprotected from voltage and/or current spikes 

that may occur within the generator. 

Hence, there is a need for a multi-pole high speed generator having a 
rectifier circuit that improves upon the drawbacks identified above. Namely, a 
rectifier circuit that is less likely to fail from varying radial centrifugal loads; 

25 and/or that is more reliable, and/or easier to repair and replace. 



SUMMARY OF THE INVENTION 

The present invention provides a multi-pole high speed generator having a 
rectifier circuit that is less likely to fail from varying radial centrifugal loads, is 
30 more reliable, and is easier to repair and replace. 



In one aspect of the present invention, a rectifier module assembly 
includes a substantially flat base that has a plurality of conductive circuit runs 
formed on it, and which is dimensioned to be mounted within a hub of the exciter. 
A first diode circuit, which includes an anode and a cathode, has its anode 
5 electrically coupled to a first of the plurality of conductive circuit runs. A second 

diode circuit, which also includes an anode and a cathode, has its cathode 
electrically coupled to a second of the plurality of conductive circuit runs. A 
conductive element electrically couples together the cathode of the first diode 
circuit and the anode of the second diode circuit. 

10 In another aspect of the present invention, a rectifier module assembly 

includes a substantially flat base that has a plurality of conductive circuit runs 
formed on it. A first diode circuit, which includes an anode and a cathode, has its 
anode electrically coupled to a first of the plurality of conductive circuit runs. A 
second diode circuit, which also includes an anode and a cathode, has its cathode 

15 electrically coupled to a second of the plurality of conductive circuit runs. A 

resistive element is electrically coupled between the first and second conductive 
circuit runs. And a conductive element electrically couples together the cathode 
of the first diode circuit and the anode of the second diode circuit. 

In yet another aspect of the present invention, a rectifier circuit for 

20 rectifying a multi-phase AC signal generated in a plurality of exciter armature 

windings of a multi-pole high speed generator and providing a DC signal to a field 
winding of the generator includes a plurality of parallel-connected rectification 
circuits. Each of the rectification circuits includes an AC input terminal for 
receiving one phase of the multi-phase AC signal, and first and second DC output 

25 terminals for providing the DC signal to the field winding. Each of the 

rectification circuits further includes a first diode circuit, a second diode circuit, 
and a resistive element. The first diode circuit has its anode electrically coupled 
to the AC input terminal and its cathode electically coupled to the first DC output 
terminal. The second diode circuit has its cathode electrically coupled to the AC 

30 input terminal and its anode electrically coupled to the second DC output terminal. 



The resistive element is electrically coupled between the first and second DC 
output terminals. 

Other features and advantages of the high speed generator will become 
apparent from the following detailed description, taken in conjunction with the 
accompanying drawings, which illustrate, by way of example, the principles of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a preferred embodiment of a rectifier 
module assembly according to the present invention; 

FIG. 2 is a top view of the rectifier module assembly depicted in FIG. 1 ; 

FIG. 3 is a top view of the rectifier module assembly depicted in FIG. 1 , 
with various components thereof depicted in phantom; 

FIG. 4 is an exploded view of a portion of a high speed generator rotor 
assembly and exciter armature depicting the physical placement therein of one or 
more of the rectifier module assemblies depicted in FIG. 1; 

FIG. 5 is a perspective view of the rotor assembly and exciter armature 
depicted in FIG. 4, illustrating the connection of a physical restraint therein of the 
rectifier module assembly of FIG. 1 ; 

FIG. 6 is a generalized schematic representation of a rotating rectifier 
circuit that is formed from a plurality of parallel-connected rectifier module 
assemblies of the present invention; 

FIG. 7 is a generalized schematic representation of a single rectification 
circuit that forms a portion of the rotating rectifier circuit of FIG. 6; 

FIG. 8 is a schematic representation of a preferred embodiment of the 
single rectification circuit depicted in FIG. 7; 

FIG. 9 is a perspective view of a preferred embodiment of a multi-pole 
high speed generator into which the rectifier circuit module depicted in FIG. 1 is 
mounted; and 



FIG. 10 is a cross section view of the multi-pole high speed generator 
depicted in FIG. 9. 

DETAILED DESCRIPTION OF THE INVENTION 

5 A perspective view and a top view of a preferred embodiment of a rectifier 

module assembly are depicted in FIGS. 1 and 2, respectively. As depicted therein, 
the preferred rectifier module assembly 1 00 includes a substantially flat base 1 02 
onto which a plurality of conductive circuit runs, terminals, and various 
components are formed and/or mounted. The base is preferably formed of a 

10 metallic or metal/ceramic material. A non-conductive substrate 104, formed 

preferably of a ceramic material, is formed on a surface 103 of the base 102, to 
insulate the base 1 02 from the electrically conducting portions of the assembly 
100. It will be appreciated that ceramic is only exemplary of a preferred material 
for the non-conductive substrate 104, and that other materials may also be used. 

15 The plurality of conductive circuit runs formed on the base 102, and 

interposed with the non-conductive substrate 1 04, includes at least a first 
conductive circuit run 106, a second conductive circuit run 108, and a third 
conductive circuit run 110. As shown more particularly in FIG. 3, which, for 
additional clarity, provides a top view of the rectifier module assembly 100 with 

20 various components shown in phantom, the circuit runs 106, 108, 1 10 are formed 

in a pattern that maximizes the use of the surface area of the base 102. It will, of 
course, be appreciated that the particular pattern depicted in FIG. 3 is only 
exemplary of one of the numerous other patterns that could be utilized with the 
present invention. Each of these conductive circuit runs 106, 108, 1 10 is 

25 preferably a copper-based conductive material. 

As will become more apparent when the electrical equivalent circuit of the 
rectifier module assembly 100 is discussed, the first and second conductive circuit 
runs 106, 108 conduct a direct current (DC) signal and the third conductive circuit 
run 1 10 conducts an alternating current (AC) signal, when the rectifier assembly 

30 100 is properly connected into an operating high speed generator. More 



particularly, and with reference once again to FIGS. 1 and 2, an AC signal is 
received by the rectifier module assembly 100 via an AC input terminal 112 and, 
after rectification, a DC signal is output from the rectifier module assembly 1 00 
via first and second DC output terminals 114, 116. 

5 Referring now to FIGS. 1, 2, and 3 together, it can be seen that a diode 

circuit is connected to each of the first 106 and second 108 conductive circuit 
runs. Specifically, a first diode circuit 1 1 8 has its anode electrically coupled to the 
first conductive circuit run 106, and a second diode circuit 120 has its cathode 
electrically coupled to the second conductive circuit run 108. More specifically, 

10 the first 1 1 8 and second 120 diode circuits are each formed of a plurality of 

individual diodes 118-1, 118-2, . . . 118-n, 120-1, 120-2, . . . 120-n, electrically 
connected in parallel with one another. Thus, the anodes of each of the individual 
diodes 118-1, 118-2, ...118-n that form the first diode circuit 1 18 are electrically 
coupled to the first conductive circuit run 106, and the cathodes of each of the 

15 individual diodes 120-1, 120-2, . . . 120-n that form the second diode circuit 120 

are electrically coupled to the second conductive circuit run 108. Using a 
plurality of parallel-connected individual diodes allows the size of the diodes 
making up each diode circuit 1 18, 120 to be reduced. Moreover, failure of a 
single diode in one of the diode circuits 118, 120 will not result in failure of the 

20 entire rectifier circuit. The number of individual diodes that make up each of the 

first 118 and second 120 diode circuits may vary. However, in a preferred 
embodiment each diode circuit 118, 120 is made up of five individual diodes, as 
explicitly depicted in FIGS. 1 2, for a total of ten diodes, each rated at 1000 volts 
with a 2 microsecond recovery time. Additionally, and while not limited thereto, 

25 in the preferred embodiment, each of the individual diodes is a glass encapsulate- 

type diode. This type of diode is preferred since it allows for the use of a fluid, 
such as oil, as a cooling medium for the rectifier module assembly 100. 

As will be more particularly discussed and described below, the diode 
circuits 118, 120 are electrically coupled together to form a full-wave bridge 

30 rectifier circuit. Thus, since the anode of the first diode circuit 1 1 8 and the 



cathode of the second diode circuit 120 are connected to the first 106 and second 
108 conductive circuit runs, respectively, each of these circuit's cathode and 
anode, respectively, are electrically coupled together. A conductive element 122, 
which is preferably formed of beryllium-copper (BeCu), or alternatively of such 
non-limiting examples as Cu/INVAR, is provided for this function. More 
particularly, as shown in FIG. 1, the conductive element 122 is connected to the 
terminals of each of the individual diodes 118-1, 118-2, . . . 118-n, 120-1, 120-2, . 
. . 120-n that are not connected to either of the first 106 or second 108 conductive 
circuit runs. The conductive element 122 is further connected to the third 
conductive circuit run 108. Thus, the AC signal received on the third conductive 
circuit run 1 10, via the AC input terminal 1 12, is conducted to the cathode and 
anode of the first 106 and second 108 diode circuits, respectively, by the 
conductive element 122, for rectification. It is noted that, while the AC input 
terminal 112 may take any one of numerous shapes and include one or more 
connection openings therein, the AC input terminal 112 preferably includes an 
open-ended slot 1 13 for electrically coupling the rectifier assembly 100 to one of 
the exciter armature windings. This particular preferred connection will be 
discussed further below. 

A resistive element 124 is connected between the first 106 and second 108 
conductive circuit runs. Thus, the resistive element 124, as will be described and 
depicted more explicitly herein below, is electrically connected in parallel with 
each of the first 1 18 and second 120 diode circuits, and provides electrical 
protection for each. The resistive element 124, in a preferred embodiment, has a 
resistance of 300 ohms and a power rating of 100 watts, though these ratings may 
be changed to meet the specific requirements of the generator. Additionally, the 
resistive element 124 may be one of many resistor designs known in the art 
including, but not limited to, ceramic, wire-wound, and semiconductor resistors. 
However, the resistive element 124 is preferably a flat, thin-film resistor, having. 
This type of resistor is small and, because it can be formed into a flat orientation, 
the centrifugal load is distributed evenly across the resistor body. 



Finally, the first 1 14 and second 116 DC output terminals, which are 
connected to the first 106 and second 108 conductive circuit runs, respectively, are 
used to couple the rectified DC signal from the first and second diode circuits 118, 
120 to an unillustrated field winding in the multi-pole high speed generator. The 
5 DC output terminals 114, 116 may be configured into any one of numerous 

configurations; however, in a preferred embodiment, the DC output terminals 1 14, 
116 are configured to include captured screws 115, 117 that secure, and 
electrically couple, the rectifier module assembly 100 to the unillustrated field 
winding. 

10 Preferably, the diodes 118-1, 118-2, . . . 118-n, 120-1, 120-2, . . . 120-n, 

the first and second DC output terminals 114, 116, and the AC input terminal 1 12, 
are coupled rectifier module assembly 100 by a brazing process. An integral 
brazed module provides improved structural integrity over other known methods 
of component connection. It will be appreciated that brazing is only exemplary of 

15 the preferred embodiment and that other known connection processes, such as 

soldering, or the use of conductive epoxies, are also encompassed by the present 
invention. 

Turning to FIGS. 4 and 5, a discussion of the physical placement of the 
rectifier module assembly 100 within a high speed generator will now be 

20 provided. The rotor assembly portion 400 depicted includes the main rotor 402, 

which is mounted on a shaft 404. The rotor assembly portion 400 also includes an 
exciter armature 408 mounted on the shaft 404, via a hub 410. The hub 410 
includes a plurality of openings 412 into which a plurality of rectifier module 
assemblies 100 are inserted equidistantly around the hub (e.g., 120-degrees apart 

25 for three modules). These openings 412 each include flat portions against which 

the rectifier module assemblies 100 rest when mounted therein. The number of 
rectifier module assemblies 100 depicted in FIG. 4 is three, since the high speed 
particular generator into which the rectifier modules assemblies 1 00 are being 
installed is a three-phase AC generator. It will be appreciated that other numbers 

30 of rectifier module assemblies are encompassed by the present invention. 



In any case, each rectifier module assembly 1 00 is inserted into one of the 
openings 412 and is electrically connected between the main field winding 
(unillustrated) and the exciter armature 408. Specifically, the first 114 and second 
116 DC output terminals are secured, via the captured screws 115, 1 17, to a set of 
connection rings 414, via collocated threaded tabs 416 on the connection rings. 
These connection rings 414 are electrically connected to the main rotor field 
windings, thus electrically connecting the DC output terminals 114, 116 thereto, 
as well. At the opposite end of the rectifier module assemblies 1 00, the opening 
1 13 in the AC input terminal 112 receives a threaded connector 418 therein, and is 
secured thereto by a series of washers and nuts 420. A conductor 422, which is 
also coupled to the threaded connector 418, is electrically connected to the exciter 
armature 408. Thus, the AC input terminal 1 12 is concomitantly electrically 
connected to the exciter armature 408. A retaining clamp 502, only one of which 
is depicted in FIG. 5, further assists in retaining each of the rectifier module 
assemblies 100 within the hub 410. 

For completeness of understanding, a perspective view of a preferred 
embodiment of a multi-pole high speed generator 900 into which the rectifier 
circuit module assembly 100 is mounted, is depicted in FIG. 9. Additionally, a 
cross section view, depicting the internal structure of the generator 900, is 
illustrated in FIG. 10. As depicted therein, the rotor assembly 400 is surrounded 
by a stationary stator assembly 450. Also depicted is the exciter armature 408 
and hub 410, into one or more of the rectifier module assemblies 100 are 
removably mounted. 

Up to this point, the rectifier module assembly 100 and it placement into 
the hub 410 of a multi-pole high speed generator has focussed mostly on the 
structural aspects of the assembly. However, with reference now to FIG. 6, which 
depicts a preferred embodiment of a rectifier circuit 600 that is formed using the 
rectifier module assemblies 100 of the present invention, a discussion of the 
electrical aspects of the rectifier circuit will be provided. It is to be appreciated 
that the rectifier circuit 600 depicted and described herein is not, however, limited 



to an embodiment comprising the rectifier circuit modules 100 of the present 
invention. Rather, the unique electrical structure and function of the rectifier 
circuit 600 may be embodied using various structural arrangements. 

Focussing attention now on FIG. 6, the rectifier circuit 600 includes a 
plurality, which in the depicted preferred embodiment is three, of individual 
rectification circuits 602 connected in parallel with one another. Each of the 
rectification circuits 602 includes an AC input terminal 612 that is electrically 
connected to one phase of the three-phase exciter armature 408. The rectification 
circuits 602 also each include the first 614 and second 616 DC output terminals, 
like polarities of which are electrically connected one to another and to the main 
field winding 608, which is schematically depicted in FIG. 6. 

The rectification circuits 602 each comprise the first 618 and second 620 
diode circuits, which are depicted as single diodes in FIG. 6. As shown, the first 
618 and second 620 diode circuits within each rectification circuit are connected 
together to form a full-wave bridge rectifier. Specifically, as previously discussed 
above with respect to the structure of the rectifier circuit module 1 00, the first 
diode circuit 618 has its anode electrically coupled to the AC input terminal 612 
and its cathode electrically coupled to the first DC output terminal 614. 
Conversely, the second diode circuit 620 has its cathode electrically coupled to the 
AC input terminal 612 and its anode electrically coupled to the second DC output 
terminal 616. The resistive element 624 within each rectification circuit 502 is 
electrically connected in parallel with the first and second diode circuits 618, 620. 
Thus, as alluded to above, not only do the resistive elements 624 provide 
individual protection for each diode circuit 618, 620, but the redundancy provided 
by including a resistive element in each individual rectification circuit 502 
increases system reliability. 

As was noted during the discussion of the structural aspects of the rectifier 
module assembly 100, for various reasons, such as reliability, the first and second 
diode circuits 618, 620 each comprise multiple diodes electrically connected in 
parallel one with another. It is noted, however, that the use of a single diode for 



each circuit is not precluded. For completeness, a schematic representation of a 
rectification circuit 602 with the first and second diode circuits 618, 620 generally 
depicted as comprising "n" individual, parallel connected diodes (e.g., 618-1, 618- 
2, . . . 618-n, 620-1, 620-2, . . . 620-n) is shown in FIG. 7. Additionally, FIG. 8 is 
a schematic representation of a preferred embodiment, in which the rectification 
circuit depicts the first and second diode circuits 618, 120 as comprising five 
individual diodes (e.g., 618-1, 618-2, 618-3, 618-4, 618-5, 620-1, 620-2, 620-3, 
620-4, 620-5) electrically connected in parallel. 

The rectifier module assembly and concomitant rectifier circuit of the 
present invention provide several advantages over known rotating rectifiers and 
circuits used in high speed generators. For example, the module components are 
integrally brazed to the conductive circuit runs, thus enhancing its structural 
reliability. The module is held in place in the exciter armature hub against 
machined flat portions by capture screws, nuts, and removable retaining clamps, 
which makes the modules relatively easy to replace, both collectively and 
individually. The placement of the modules within the exciter armature hub, 
which positions the module and the components mounted thereon at a fixed radial 
distance from the hub's center of rotation, ensures even centrifugal loading of all 
of the components. Moreover, the centrifugal loads during rotation force the 
diodes and resistor toward the module substrate. Because these loads are evenly 
distributed across, and equally amongst, the components, the structural reliability 
of the modules and components is enhanced. Providing a resistor for each 
module, which means that the rectification circuit for a multi-phase generator will 
comprise multiple resistors, increases overall circuit integrity and reliability. And 
finally, though certainly not inclusively, using a thin-film type resistor increases 
circuit reliability since the centrifugal loads on the resistor during generator 
rotation will be more evenly distributed than with the use of the conventional wire 
wound resistor. 

While the invention has been described with reference to a preferred 
embodiment, it will be understood by those skilled in the art that various changes 



may be made and equivalents may be substituted for elements thereof without 
departing from the scope of the invention. In addition, many modifications may 
be made to adapt to a particular situation or material to the teachings of the 
invention without departing from the essential scope thereof. Therefore, it is 
5 intended that the invention not be limited to the particular embodiment disclosed 

as the best mode contemplated for carrying out this invention, but that the 
invention will include all embodiments falling within the scope of the appended 
claims. 



10 



